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ABSTRACT
Summary In the previous and the current guidelines of
the European Resuscitation Council (ERC), endotracheal
intubation (ETI), as an instrument for ventilation during
resuscitation, was conﬁrmed as less important for
paramedics not trained in this method. For those, during
resuscitation, the laryngeal tube is recommended by the
ERC as a supraglottic airway device. The present study
investigated prospectively the use of the laryngeal tube
disposable (LT-D) by paramedics in prehospital
emergency cases.
Methods During a 42-month period (Sept 2008–Feb
2012), we prospectively registered all prehospital cardiac
arrest situations in which the LT-D had been applied by
paramedics (from one emergency medical service in
Germany).
Results During the deﬁned period, 133 attempts,
recorded on standardised data sheets, were enrolled into
the investigation. Three were excluded from the study
because of use during a trauma situation. Therefore, 130
patients were evaluated in this study. For this, the LT-D
was used in 98% of all cases during resuscitation, and
in about 2% of other emergencies (eg, trauma). With
regard to resuscitation, adequate ventilation/oxygenation
was described as possible in 83% of all included cases.
In 66% of all cases, no problems concerning the
insertion of the LT-D were described by the paramedics.
No signiﬁcant problems were reported in 93%. In 7%
(n=9 cases), no insertion of the LT-D was possible.
Instead of bag-mask-valve ventilation, the LT-D was used
as a ﬁrst-line airway device in about 66%. Between the
two deﬁned groups, no statistically signiﬁcant differences
were found (p>0.05).
Conclusions As an alternative airway device during
resuscitation, recommended by the ERC in 2005 and
2010, the LT-D may enable ventilation rapidly and, as in
most of our described cases, effectively. Additionally, by
using the LT-D in a case of cardiac arrest, a reduced
‘hands-off time’ and, therefore, a high chest
compression rate may be possible. Our investigation
showed that the LT-D was often used as an alternative
to bag-mask-ventilation and to ETI as well. However, we
were able to describe more problems in the use of the
LT-D than earlier investigations. Therefore, in future,
more studies concerning the use of alternative airway
devices in comparison with ETI and/or video-
laryngoscopy seem to be necessary.
INTRODUCTION
In November 2005 and 2010, the European
Resuscitation Council (ERC) released their revised
versions of the resuscitation guidelines for Advanced
Life Support (ALS) in which the following two adjust-
ments were incorporated as very important:1 2
Emphasis on chest compression
Successful management of a patient during cardiac
arrest must include high-quality chest compressions
(100–120 per minute) and a ‘hands-off time’ (HOT;
time during which there are no chest compressions)
that is as short as possible.1 3 These facts are import-
ant because nearly continuous chest compressions are
required to maintain tissue perfusion.3
Expansion of airway management options
The gold standard for securing the airway is con-
sidered to be endotracheal intubation (ETI). ETI
should only be attempted by trained healthcare
providers having adequate ongoing experience with
this technique; because of airway management,
thoracic compressions should not be paused for
more than 10 s.1 Because of the high incidence of
complications (eg, oesophageal intubation), person-
nel without experience in ETI should use alterna-
tive airway devices (eg, laryngeal mask, laryngeal
tube) to manage the airway during cardiac arrest.1 2
If it is not possible to insert alternative airway
devices as soon as possible, paramedics may resort
to bag-mask-valve (BMV) ventilation.1
One of the supraglottic airway devices (SADs),
the laryngeal tube disposable (LT-D), was used in
the present investigation. The laryngeal tube was
introduced in 1999 as an alternative device for pro-
tecting the difﬁcult airway.4–7 Because of easy inser-
tion/handling and a reported insertion success rate
of about 92–100%, the LT-D seems to be an
adequate alternative airway device during resuscita-
tion and for the management of difﬁcult
airways.1 3 5 8–12
In 2006, the LT-D was introduced as an experi-
mental SAD for paramedics in the investigated
region. Because of the high incidence of complica-
tions and the poor success rate of ETI performed
by paramedics, and because of the ERC guidelines
in 2005 and 2010, in our investigated ‘emergency
medical service’ (EMS) the LT-D has become para-
medics’ standard way of managing the airway
during resuscitation since 2008.1 2 8–10 The LT-D is
designed for blind insertion without laryngos-
copy.11 It has undergone laboratory and practical
evaluation concerning alternative airway manage-
ment during cardiac arrest, especially for rescuers
who are not experienced in ETI.8 10
In the present investigation, we have evaluated
the experiences of paramedics after using the LT-D
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to manage the airway during resuscitation. Therefore, we evalu-
ated the time taken for insertion of the LT-D, the reason for its
use, the problems and complications during placement/inser-
tion/ventilation, and the return of spontaneous circulation
(ROSC) during resuscitation.
METHODS
Over the course of 42 months, 130/133 standardised records
from one EMS system (City of Fulda, Germany) were integrated
into this investigation. The study design was an observational
one. All prehospital uses of the LT-D performed by paramedics
were recorded by means of a standardised sheet. Based on the
emergency documents and the observational sheet, we only
evaluated the use of the LT-D (Size 3–5; VBM Medizintechnik
GmbH, Sulz a.N., Germany) as an alternative SAD during
resuscitation.
Due to the high incidence of complications using ETI and the
high HOTs during resuscitation, we decided to attempt the use
of an alternative SAD for paramedics from our EMS in 2006.
Since 2008 (according to the new ERC ALS guidelines in 2005
and good experiences during the experimental phase), the LT-D
is now the standard SAD for cardiac arrest situations which are
treated by paramedics. Prior to using the LT-D as an alternative
device, a 90 min airway training session, according to the manu-
facturer’s instructions, had to be completed by every paramedic
in the investigated emergency department.1 13 Because para-
medic education in Germany includes repetitive training in
airway management with alternative airway devices, all parame-
dics were considered as experienced in airway management by
using SADs. Furthermore, all paramedics from the investigated
EMS have to repeat a 4–8 h ‘ALS’ course, according to the ERC
guidelines, once every year. This course includes a 45–90 min
airway training session concerning SADs and BMV.
Demographic patient data, such as age, gender, height and
the size of the inserted laryngeal tube, were recorded prospect-
ively. The speciﬁc research objectives and data obtained by a
standardised study sheet were:
▸ Time required for LT-D placement (<10 s, 10–20 s,
21–30 s, >30 s).
▸ Each single attempt should be accomplished within
10–30 s, as recommended by the ERC in 2005 and
2010.1 2 The patients had to be ventilated by using the
LT-D. In case of failed insertion or inadequate oxygenation
of the patient, the paramedics were instructed to use BMV
ventilation.
▸ Number of attempts to correctly place the LT-D (free
answers).
▸ Point in time of LT-D insertion during resuscitation
(multiple-choice answers).
▸ Indication for LT-D placement (multiple-choice answers).
▸ Reasons for the replacement of the LT-D (multiple-choice
answers).
▸ Successful ventilation after the LT-D was inserted (deter-
mined by pulmonary auscultation; multiple-choice
answers).
▸ Oxygen rate before and after the LT-D was inserted
(multiple-choice answers).
▸ Reasons for replacement of the LT-D (the LT-D was not
left in place throughout resuscitation and transport;
multiple-choice answers).
▸ Return of spontaneous circulation (ROSC) (yes/no
answer).
▸ Complications/problems concerning the use of the LT-D
during resuscitation (free answers).
The time taken for insertion of the LT-D was recorded by
every paramedic/resuscitation team on his/their own (in most
cases, a stopwatch was used). For this reason, we decided to use
a time range and not the exact times taken for insertion. As per
the deﬁnition of the study, timing was started after the parame-
dics had decided to use the LT-D as an alternative airway device.
Until 2010, chest compressions were stopped while the LT-D
was inserted; since 2011, chest compressions have not been
stopped during the use of the LT-D. Time taken for placement
was recorded by a paramedic who was not immediately involved
in providing care. Time for placement was stopped at the begin-
ning of the ﬁrst successful ventilation after the LT-D had been
inserted. Adequate ventilation was deﬁned as when breath
sounds could be heard over both lungs, and chest movement
could be seen. After the LT-D had been inserted correctly, the
paramedics performed continuous chest compressions. In line
with Wik et al, we deﬁned the HOT as time during which no
chest compressions occur.14
Each ambulance was equipped with three sizes of the LT-D
for adult patients (sizes 3, 4 and 5), and the paramedics were
instructed to attempt to use the LT-D instead of ETI and/or
BMV ventilation in all cases of cardiac arrest. ROSC was
deﬁned as the ROSC during resuscitation which made it possible
to transport the patient to hospital without ongoing resuscita-
tion. ROSC after 24 h was deﬁned as spontaneous circulation
during the next 24 h after resuscitation. Where possible, para-
medics and the investigators tried to obtain this special informa-
tion within 48 h after resuscitation. Following an emergency, the
paramedics had to use the standardised study protocol which is
based on the standardised emergency protocol and the partici-
pants’ information. Only resuscitations of adult patients were
included.
Ethics, data extraction and statistical analysis
In line with the ethical regulations of the Declaration of
Helsinki, the data were collected anonymously so that no con-
clusions could be drawn on single patients or paramedics.15 The
local ethical commission was informed about the study, and
ethical clearance was obtained from the institute’s ethics com-
mission (University Medical Centre, University of Regensburg,
Germany). Ethics committee approval was not necessary for
the study because no clinical procedures were performed, and
patient records were not used (ethical commission sign JvH
2/10/2011-1344).
With regard to statistical analysis, we deﬁned the following
investigation groups: ERC 2005 versus ERC 2010; working
experience <10 years versus working experience >10 years.
Study variables were expressed as median, range, total number
and/or per cent as appropriate. Tabulation of the data was
carried out in Excel 2010 (MS Excel, Microsoft Inc, 2010). For
tabulation of the data and descriptive statistics, Excel 2010 was
used, and statistical data analysis, where necessary, was per-
formed with SPSS 18.0 (SPSS Inc, USA, 2010). A statistically
signiﬁcant difference between the deﬁned groups was calculated
with the Wilcoxon signed rank test and the analysis of variance
for non-parametric data. A p value of 0.05 was considered to be
statistically signiﬁcant. Correction for multiple testing was per-
formed according to Sidak.16
RESULTS
During the study period of 42 months (September 2008 to
February 2012), there were 133 standardised records in which
the LT-D was used by paramedics to manage the airway during
resuscitation (n=130) and trauma cases (n=3). In the following,
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only the applications during resuscitation were displayed. In
according with the ERC guidelines 2005, and with the ERC
guidelines 2010, n=88 (67.7%) and n=42 (32.3%) uses,
respectively, of the LT-D were documented. Overall, there were
no statistically signiﬁcant differences between the deﬁned groups
(p>0.05). Therefore, data are presented for all cases.
Overall, about 75 resuscitation attempts, following
out-of-hospital cardiac arrest, per year occurred in the investi-
gated region (own data). Thus, the LT-D was used in about 50%
of all cardiac arrest cases in which resuscitation by paramedics
was necessary during the deﬁned study period. Since the intro-
duction of the ERC guidelines 2005 and 2010, more applica-
tions of the LT-D have taken place than previously (own data of
an earlier investigation concerning the use of the LT-D before
the new guidelines were established). Concerning the guidelines
2005, we found about 50% of all resuscitations (82/150) docu-
mented LT-D placements versus n=42 (about 48% of all resusci-
tations: 42/100) concerning the guidelines 2010 (p>0.05).
However, during resuscitation, a large number of patients
during the deﬁned investigation time (about 50%) had no LT-D
inserted at all. These patients were treated by prehospital emer-
gency physicians and/or paramedics, using ETI and BMV venti-
lation, or BMV ventilation alone (own data).
All patients were adults (age: range: 18–95 years, median:
73 years, mean: 71.3 years, SD±14.8 years; height: range:
150–190 cm, median: 175 cm, mean: 171.2 cm, SD±8.3). In
line with the manufacturer’s instructions, the LT-D sizes used in
29 cases were size 5 (22%), in 92 cases size 4 (71%), and in 9
cases size 3 (7%). All paramedics had more than 2 years’
working experience. All of them had practical knowledge in
using the LT-D. With regard to practical experiences in using
the LT-D, no statistically signiﬁcant differences between the
included paramedics could be seen (according to working
experience; p>0.05). Therefore, all paramedics were described
as one group in our results.
Number of attempts to place the LT-D/adequate ventilation
Overall, 83% (n=108) of the paramedics placed the LT-D cor-
rectly at the ﬁrst attempt. Successful placement was determined
by pulmonary auscultation. More than one attempt was neces-
sary in n=13 cases (10%). In n=9 (7%) cases, there was no
correct placement of the LT-D and, therefore, no adequate ven-
tilation was determined by pulmonary auscultation. In those
situations, paramedics used another airway device (eg, BMV
ventilation and/or ETI). Adequate ventilation was possible in
n=107 cases (82.3%).
Time needed for insertion
With regard to the ERC guidelines 2005, n=123 of all parame-
dics (95%) were able to place the LT-D within the recom-
mended 30 s for ETI. With regard to the ERC guidelines 2010,
n=57 of all paramedics (44%) were able to place the LT-D
within the recommended 10 s (according to the placement of
airway devices during resuscitation; p<0.001) successfully. Time
needed for insertion, and number of placement attempts
required is shown in table 1. There were no statistically signiﬁ-
cant differences (p>0.05) between participants who worked
concerning the ERC guidelines of 2005 versus those to the ERC
guidelines of 2010.
Situation of LT-D placement/insertion during resuscitation
Placement of the LT-D as a ﬁrst-line airway device was started
initially after having determined unconsciousness and cardiac
arrest in n=95 (73%) of all cases. After using BMV ventilation,
the LT-D was placed by n=35 (27%) during the ﬁrst 2–4min of
performing the resuscitation process. In those situations, until
the LT-D was placed successfully, paramedics had to ventilate
the patient by using BMV ventilation.
Problems/complications
In n=29 of all reported cases (22.3%), different problems were
described by the paramedics. Cuff problems were the most
reported. However, in all 10 cases (7.7%) in which problems
with the cuff pressure were described, paramedics had to use
another LT-D. After using the second LT-D, no more cuff pro-
blems were subsequently described.
Obvious regurgitation or vomiting was documented in six
cases prior to LT-D intubation. There were no known occur-
rences of regurgitation during or after LT-D placement. Morbid
obesity of the patient was reported as another problem in which
the use of the LT-D was not successful (BMI≥40). Overall, in
n=23 (19.7%) of all cases, paramedics reported that adequate
ventilation was not possible. The problems and complications
are shown in table 2.
Removal of the LT-D
Table 3 shows where or by whom the LT-D was removed.
Return of spontaneous circulation
ROSC at the scene, following out-of-hospital resuscitation, was
recorded in 37% (48/130) of all cases. In about 63%, it was not
possible to achieve ROSC. After a time period of 24 h, ROSC
was described in n=8 (6.2%); in about 63% (n=84) no ROSC
were described; in all other cases (n=38) no information about
ROSC was required.
DISCUSSION
The LT-D is recommended as an alternative airway device to
BMV and to ETI during resuscitation, especially for those para-
medics and prehospital emergency physicians not trained and
experienced with ETI continuously.1 2 The 2005 and 2010 ERC
guidelines intended to reduce the HOT during resuscitation as
Table 1 Time needed for successful insertion of the laryngeal
tube disposable, and number of placement attempts required
Time (%)
<10 s 10–20 s 21–30 s >30 s
57 (43.8) 58 (44.6) 8 (6.2) 7 (5.4)
Number of placement attempts required (%)
1 >1
108 (83) 22 (17)
Table 2 Problems and complications
Problem/complication n (%) No adequate ventilation
Cuff pressure problems 10 (7.7) 5 (before using another LT-D)
Morbid obesity 6 (4.6) 6
Vomiting/regurgitation 6 (4.6) 6
Fixation was not possible 3 (2.3) 2
Tongue swelling 3 (2.3) 3
Laryngeal spasm 1 (0.8) 1
LT-D, laryngeal tube disposable
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much as possible.1 2 17 The use of SADs for airway management
may be of special importance for the reduction of the HOT.
SADs should not be used only as a rescue device after failed
ETI.18 Moreover, to further minimise HOT, the time to manage
the airway and the time for ventilation by the use of SADs
should be reduced. Different simulator-based studies could
show that the use of the LT-D, instead of ETI or BMV, reduces
the HOT signiﬁcantly.19–23 Moreover, a high incidence of com-
plications, an unacceptably high HOT and a poor success rate
when using ETI during cardiac arrest are described in the litera-
ture.24–29 An easy-to-use and effective alternative airway device
to ETI (eg, the LT-D) is therefore necessary. In the investigated
EMS system, the LT-D was implemented as an alternative airway
device to BMVand ETI in 2008.
The results of the present investigation show that the LT-D
was easy to handle in most cases. In 83% of all reported cases,
the LT-D could be placed within one attempt. Moreover, in
93% of all cases, the LT-D could be placed in two attempts. Our
ﬁndings are in accordance with previously published results
during anaesthesia for operative procedures and from manikin
studies.6 7 9 10 20 30–32 However, rates of more than 95% on the
ﬁrst attempt described in the literature could not be conﬁrmed
in the present study. Practical experience in using the LT-D had
no statistically signiﬁcant inﬂuence concerning the placement of
the LT-D. This corresponded with the study of Schalk et al.9 As
suggested in earlier studies, it seems to be speculative as to how
many ETI placement attempts may be unsuccessful and how
many may have a longer insertion time than 30 s.9 However, we
also have to report that the LT-D placement failed in 7%; more-
over, adequate ventilation was not possible in about 19% of all
cases. These results do not correspond with earlier investiga-
tions.8–10 Only in a few cases in which the ventilation was pos-
sible and successful, the LT-D was used as an airway device in
the emergency department as well and was removed later on.
Although we did not ﬁnd an insertion success rate of 100% like
previous manikin studies described, we may underline the use
of the LT-D as a ﬁrst-line SAD during resuscitation, because of
its ease of handling, overall high success rate and acceptable
HOT. Further investigations were able to show similar results
concerning the use of the LT-D during out-of-hospital resuscita-
tion.8–10 32 According to recent data, most paramedics were
able to place the LT-D within 10–20 s, thus remaining under the
30 s to accomplish ETI successfully, as recommended by the
ERC in 2005, and within the 10 s in 2010.1 2 Using the LT-D,
airway management could be performed in most cases without
discontinuing chest compressions. Taking this fact into account,
the LT-D meets the criteria for a short HOT as the ERC sug-
gests. Earlier manikin studies and observational studies in
patients demonstrated comparable results concerning signiﬁ-
cantly reduced HOT.3 8–10
However, one result of our investigation has to be mentioned:
several problems and complications due to the insertion and
ventilation were mentioned by the paramedics. In particular,
problems in patients with morbid obesity (inadequate ventilation
in all cases) were described. For this, an alternative airway man-
agement (eg, ETI by using video-laryngoscopy) should be dis-
cussed as well. We also have to mention that the problems of
our investigation cannot be generalised, because it seems to be a
single observation from our study. In all described cases, vomit-
ing was observed before the LT-D was placed. The complications
in patients with vomiting are also described in other investiga-
tions.9 Schalk et al9 also described cases in which regurgitation
was associated with the use of the LT-D. For those cases, the
LTS-D with a gastric drain tube may be a good alternative. With
regard to placement success, placement time and HOT, no statis-
tically signiﬁcant difference between the LT-D and the LTS-D
could be shown in a manikin study (own data). By comparison,
using BMV ventilation for airway management, complications
like regurgitation are described in about 12% of all cases.33
When using a laryngeal mask as an alternative airway device
during resuscitation, regurgitation and vomiting are reduced to
2%.33 Taking into account this percentage for SADs, the
described number of regurgitation and vomiting incidents seems
to be realistic. However, because of this, the authors note that
with frequent use of the LT-D during resuscitation, such pro-
blems can occur more often. Furthermore, we were not able to
evaluate the high unknown numbers for microaspiration and
regurgitation.
Normally, the LT-D should be left in place throughout resusci-
tation and transport to hospital. After ROSC, the LT-D should
be removed in hospital by a physician who has experience in
performing ETI. In the present study, the LT-D was removed in
about 85% of all cases. Retrospectively, we were not able to ﬁnd
reasons for this. Like earlier studies, we also recommend
removal of the LT-D in hospital.9 10 Although prehospital emer-
gency physicians are able to remove the LT-D and to use ETI as
an airway device, the conditions for intubating a patient by
using ETI are better in hospital than in a prehospital setting.27
Therefore, an LT-D which enables adequate ventilation should
be removed in hospital.
With regard to ROSC, there were similar results to earlier
investigations.1 2 10 34 35 However, the aim of this investigation
was not an evaluation of patient outcome after cardiac arrest.
According to our described problems and complications, the
LT-D had no negative effects with regard to ROSC compared
with ETI and BMV ventilation.1 2 10 34 35 The value of the
LT-D as a regular alternative airway device concerning patients’
outcome requires assessment in further clinical investigations.
Furthermore, based on the review by Deakin et al36 ‘SAD
should be introduced into all ambulance services …’, we recom-
mend that it seems to be necessary to discuss the use of all SADs
during resuscitation in a new kind of way to decide the appro-
priate way in future.
Overall, there are several advantages concerning the use of
the LT-D as a SAD. These were mentioned in different manikin
studies, in patient studies during surgery and resuscitation, and
in documented case reports. However, to sum up, the LT-D
seems to represent an acceptable ﬁrst-line alternative airway
device for artiﬁcial respiration during resuscitation.
LIMITATIONS
The present investigation has several limitations. First, the
design of the study is an observational one. Therefore, lack of
comparison of the investigated LT-D with other alternative
Table 3 Reasons for replacing the laryngeal tube disposable
(LT-D)
Reasons n (%)
No removal of the LT-D 18 (13.8)
Replacement by a prehospital emergency physician 51 (39.2)
Replacement by a paramedic 5 (3.9)
Other reasons (eg, death of the patient) 56 (43.1)
Patients in whom no return of spontaneous circulation during resuscitation was seen
were included as well.
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airway devices, BMV or ETI is one obvious limitation of this
study. Second, because of the standardised use of the LT-D
during resuscitation within our deﬁned EMS system, we only
tested this airway device, assuming that a comparison study was
not possible at this time. Third, we were not able to assess all
airway management procedures during the deﬁned period.
Fourth, the LT-D was only used as an alternative airway device
during resuscitation. We are not able to discuss its use during
other emergency situations in which ventilation is necessary.
Fifth, the LT-D was not used as an alternative airway device in
the case of failed ETI. In most cases it was used as a ﬁrst-line
device. This fact may be a positive bias concerning the reported
high placement success rate. Finally, we have to mention that ven-
tilation/oxygenation success was not determined by using capno-
metry or capnography. At the time of our investigation, there was
no regularly requirement for paramedics to use ETCO2 to
authenticate correct placement of the LT-D in Germany.
CONCLUSIONS
In the present investigation, paramedics documented their
experiences with the use of the LT-D during resuscitation.
According to these experiences, the LT-D was a successful alter-
native SAD overall. The LT-D is an easy-to-handle alternative
for airway management during resuscitation, especially for para-
medics unfamiliar with ETI. However, we were able to describe
more problems in the use of the LT-D than earlier investigations.
Therefore, in future, more investigations concerning the use of
alternative airway devices in comparison with ETI and/or video-
laryngoscopy seem to be necessary. Concerning our study results
and those which we can ﬁnd in the literature, the author group
recommends the LT-D as useful SDA. Furthermore, we recom-
mend the use of the LT-D for paramedics who are not familiar
in the use of tracheal intubation.
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